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Abstract 
FT-IR and FT-Raman spectra of 1,2-diphenyl-4-n-Butyl-3,5-pyrazolidinedione (Phenylbutazone) were recorded and 
analyzed. The vibrational wavenumbers were computed using HF/6-31G(d) and B3LYP/6-31G(d) basis sets and compared 
with  experimental  data.  The  first  hyperpolarizability,  infrared  intensities  and  Raman  activities  are  also  reported.  The 
geometrical parameters of the title compound obtained from theoretical calculations are in agreement with that of reported 
similar  derivatives.  The  first  hyperpolarizability  is  comparable  with  reported  values  of  similar  derivatives  and  is  an 
attractive molecule for future applications in non-linear optics. The variation in C-N bond lengths suggests an extended π-
electron delocalization over the pyrazolidinedione moiety which is responsible for the nonlinearity of the molecule. 
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1. Introduction 
 
Phenylbutazone(1,2-diphenyl-4-n-Butyl-3, 
5-pyrazolidinedione), belongs to the family of 
a  non-steroidal,  anti-inflammatory,  vetenary 
drug  and  also  possess  antipyretic  and 
analgesic  activity[1].  Derivatives  of  the 
pyrazolidine-3,5-diones  possess  a  wide 
variety  of  biological  and  pharmaceutical 
activities along with other uses, e.g., as color 
agents,  photographic  light  sensitive  and 
thermal  printing  materials  [2].  Pyrazoline 
derivatives  are  well  known  fluorescent 
compounds  with  high  quantum  yields  and  are 
used  as  optical  brightening  agents  for  textiles, 
fabrics,  plastics  and  papers  [3].  These 
compounds  have  been  utilized  as  fluorescent 
probes in some chemosensors [4]. 2-Pyrazoline 
derivatives  are  considered  to  be  an  important 
organic heterocyclic “transition” material, i.e. a 
material  which  shares  many  properties  with 
conventional semiconductors and insulators like 
organic  molecular  crystals  [5].  Ranging  from 
tens  to  hundreds  of  nanometers,  recently C. Yohannan Panicker et al / Int. J. Ind. Chem., Vol. 2, No. 1, 2011, pp. 33-44 
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different  groups  prepared  pyrazoline  nano 
particles by using the reprecipitation method 
and  explored  their  size  tunable  optical 
properties  for  the  application  in 
optoelectronic  device  [3,  6  -  8].  Like  other 
structurally  different  anti-inflammatory 
analgesics,  these  drugs  are  believed  to  act 
through  the  inhibition  of  prostaglandin 
biosynthesis. In spite of lack of approval there 
is  some  evidence  of  extra-label  use  of 
phenylbutazone  in  food  producing  animals, 
for  the  treatment  of  various  inflammatory 
conditions(for  example  mastitis  in  lactating 
dairy  cows)  [9].  The  crystal  structure  of 
phenylbutazone  has  already  been  reported 
[10]. Suma et al. [11] reported the synthesis 
and  characterization  of  metal  complexes  of 
phenylbutazone.  The  most  serious  adverse 
reactions  of  phenylbutazone  observed  in 
humans and animals are: gastric and intestinal 
ulceration  and  bleeding,  disturbances  in 
platelet function, the prolongation of gestation 
or  spontaneous  labour  and  changes  in  renal 
function  [12].  Literature  survey  also  reveals 
that to the best of our knowledge no HF/DFT 
wavenumber calculations have been reported 
yet. Therefore, the present investigation was 
undertaken to study the vibrational spectra of 
this  molecule  and  to  identify  the  various 
normal  modes  with  greater  wavenumber 
accuracy.  Ab  initio  and  DFT  calculations 
have  been  performed  to  support  our 
wavenumber  assignments.  Synthesis  of 
molecules  with  large  first  order 
hyperpolarizabilities is important due to their 
potential  applications  in  non  linear  optics. 
Many  components  for  optical  signal 
processing and communication devices can be 
made out of materials possessing high electro-
optic properties [13]. It is already recognized 
that  molecules  with  electron  donor  and 
acceptor  groups  possess  high  nonlinear 
optical  properties.  High  values  of  the  first 
order  hyperpolarizability,  give  rise  to  large 
second order effects, which has applications 
in  electro  optic  devices,  photorefractive 
materials[14],  second  harmonic  generation, 
etc.,  provided  that  non-centrosymmetry  is 
maintained in the bulk. The design and synthesis 
of  new  molecules  with  large  macroscopic  non 
linear  optical  properties  represent  an  active 
research field in modern chemistry, physics and 
material  science  [15,  16].  Non  linear  optics  is 
one  of  a  few  research  frontiers  where 
tremendous  interest  arises  not  only  from  the 
request  for  understanding  of  new  physical 
phenomena  but  also  from  the  potential 
technological  applications  [17,  18].  In  this 
context,  the  hyperpolarizability  of  the  title 
compound was calculated in the present study. 
 
2. Experimental 
The  title  compound,  phenylbutazone  was 
purchased  Sigma-Aldrich,  USA.  The  FT-IR 
spectrum (Fig. 1) was recorded using a Bruker 
IFS 28 spectrometer with KBr pellets, number of 
scans  16,  resolution  2  cm
-1.  The  FT-Raman 
spectrum  (Fig.  2)  was  obtained  on  a  Bruker 
Equinox  55/s  spectrometer  with  FRA  Raman 
socket, 106/s. For excitation of the spectrum the 
emission of Nd:YAG laser was used, excitation 
wavelength  1064  nm,  laser  power  250  mW, 
resolution  2  cm
-1,  number  of  scans  128, 
measurement on solid sample.  
 
 
 
Fig. 1. FT-IR spectrum (a) theoretical (DFT)  
(b) experimental C. Yohannan Panicker et al / Int. J. Ind. Chem., Vol. 2, No. 1, 2011, pp. 33-44 
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Fig. 2. FT-Raman spectrum (a) theoretical (DFT) 
(b) experimental 
 
3. Computational detials 
Calculations  of  the  title  compound  were 
carried  out  with  Gaussian03  software 
program  [19]  using  the  HF/6-31G(d)  and 
B3LYP/6-31G(d)  basis  sets  to  predict  the 
molecular  structure  and  vibrational 
wavenumbers. Calculations were carried out 
with  Becke’s  three  parameter  hybrid  model 
using  the  Lee-Yang-Parr  correlation 
functional  (B3LYP)  method.  Molecular 
geometries were  fully optimized  by Berny’s 
optimization  algorithm  using  redundant 
internal  coordinates.  Harmonic  vibrational 
wavenumbers were calculated using analytic 
second  derivatives  to  confirm  the 
convergence  to  minima  on  the  potential 
surface. At the optimized structure (Fig. 3) of 
the  examined  species,  no  imaginary 
wavenumber  modes  were  obtained,  proving 
that a true minimum on the potential surface 
was  found.  The  DFT  hybrid  B3LYP 
functional  tends  also  to  overestimate  the 
fundamental modes; therefore scaling factors 
have to be used for obtaining a considerably 
better  agreement  with  experimental  data. 
Therefore,  a  scaling  factor  of  0.9613  and 
0.8929  were  uniformly  applied  to  the  DFT 
and  HF  calculated  wavenumbers  [20].  The 
observed  disagreement  between  theory  and 
experiment  could  be  a  consequence  of  the 
anharmonicity and of the general tendency of 
the quantum chemical  methods to overestimate 
the  force  constants  at  the  exact  equilibrium 
geometry.  Tables  1-3  give  the  calculated 
geometrical parameters of the title compound. 
 
 
Fig. 3. Optimized geometry (DFT) of the molecule 
 
4. Results and discussion 
4. 1. IR and Raman spectra 
The  observed  IR,  Raman  bands  with  the 
relative  intensities  and  calculated  (scaled) 
wavenumbers  and  assignments  are  given  in 
Table 4. The  vibrations of the CH2 group, the 
asymmetric  stretch,  νasCH2,  symmetric  stretch 
νsCH2,  scissoring  vibration  δCH2  and  wagging 
vibration ωCH2 appear in the regions 3000 ± 50, 
2965  ±  30,  1455  ±  55  and  1350  ±  85  cm
-1, 
respectively [21,22]. The DFT calculations give 
νasCH2 at 2953 cm
-1, IR band at 2957 cm
-1 and 
Raman  band  at  2964  cm
-1.  For  the  title 
compound, the DFT calculations give  bands at 
1459, 1445 cm
-1 as the scissoring mode δCH2. 
The observed IR bands are at 1458, 1434 cm
-1, 
Raman band is observed at 1436 cm
-1. The CH2 
wagging  modes  are  observed  at  1335  cm
-1  in 
Raman  spectrum,  1343,  1324  cm
-1  in  IR 
spectrum and  at 1341, 1321 cm
-1 theoretically. 
The  band  at  1273  cm
-1  in  IR,  1272  cm
-1  in 
Raman  and  at  1280  cm
-1  (calculated)  are 
assigned as the twisting mode τCH2. The rocking 
mode [21] is expected in the range 895 ± 85 cm
-
1. The band at 895 cm
-1 in the Raman spectrum, 
899  cm
-1  in  the  IR  spectrum  and  at  900  cm
-1 
(DFT) are assigned as ρCH2 modes for the title 
compound.  C. Yohannan Panicker et al / Int. J. Ind. Chem., Vol. 2, No. 1, 2011, pp. 33-44 
36 
          Table 1. Optimized geometrical parameters- Bond lengths of phenyl butazone, atom labeling according to Fig 3. 
 
  HF/6-31G(d)  B3LYP/6-
31G(d)    HF/6-31G(d)  B3LYP/6-
31G(d) 
C1-C2  1.3875  1.3955  C5-H10  1.0698  1.0823 
C1-C6  1.3868  1.3957  C6-H11  1.0725  1.0865 
C1-H7  1.0726  1.0862  C12-C13  1.3873  1.3996 
C2-C3  1.3859  1.3941  C12-C14  1.3885  1.3991 
C2-H8  1.0726  1.0865  C12-N24  1.4279  1.4326 
C3-C4  1.3887  1.3998  C13-C15  1.3866  1.3942 
C3-H9  1.0708  1.0838  C13-H16  1.07  1.0827 
C4-C5  1.3876  1.4004  C14-C17  1.3861  1.3945 
C4-N23  1.427  1.4307  C14-H18  1.0709  1.0839 
C5-C6  1.3867  1.3943  C15-C19  1.387  1.3958 
C17-C19  1.3875  1.3955  C15-H20  1.0724  1.0864 
C17-H21  1.0726  1.0865  C19-H22  1.0726  1.0863 
N23-N24  1.4231  1.4297  N23-C25  1.3773  1.4017 
N24-C26  1.378  1.4017  C25-C27  1.5067  1.5193 
C25-O28  1.2167  1.2141  C26-O29  1.2165  1.2141 
C26-C27  1.5067  1.5191  C27-C30  1.5397  1.5399 
C30-H31  1.0838  1.0964  C27-H43  1.0862  1.0997 
C30-H32  1.0836  1.0962  C33-H34  1.0871  1.0994 
C30-C33  1.5329  1.5339  C33-H35  1.0866  1.0988 
C33-C36  1.5336  1.5344  C36-H37  1.0868  1.0991 
C36-C39  1.5308  1.5319  C36-H38  1.0867  1.099 
C39-H40  1.0851  1.0969  C39-H41  1.0842  1.0958 
C239-H42  1.085  1.0969       
 
In the spectra of methyl esters the overlap of 
the region in which both asymmetric stretching 
[21]  νasCH3  absorb  with  a  weak  to  medium 
intensity (2985 ± 25 and 2970 ± 30 cm
-1) is not 
large and regularly  seen above 3000 cm
-1. In 
this mode two C-H bonds of the methyl group 
are extending while the third one is contracting. 
The  symmetrical  stretching  mode  νsCH3  is 
expected in the range 2920 ± 80 cm
-1 in which 
all the three C-H bonds extend and contract in 
phase [21]. The band seen at 2926 (DFT) cm
-1, 
2926  (IR)  cm
-1  and  2925  cm
-1  (Raman)  is 
assigned as this mode. 
Two bending vibrations can occur within a 
methyl  group.  The  first  of  these,  the 
symmetrical bending vibration δsCH3 involves 
the  in-phase  bending  of  the  C-H  bonds.  The 
second, the asymmetrical bending mode δasCH3 
involves  out-of-phase  bending  of  the  C-H 
bonds [23]. With methyl esters the overlap of 
the  regions  in  which  methyl  asymmetric 
deformations are active (1460 ± 25 and 1450 ± 
15 cm
-1) is quite strong, which leads to many 
coinciding wavenumbers [21]. This is obvious, 
not only for the asymmetric deformations, but 
also  for  the  symmetric  deformations  [21] 
mostly displayed in the range 1380 ± 15 cm
-1. 
The intensity of these absorptions is only weak 
to  moderate.  In  the  spectra  of  H2NC(=O)Me 
and Cl2NC(=O)Me, the symmetric deformation 
δsCH3  is  reported  at  1369  and  1386  cm
-1, 
respectively  [21].  The  DFT  calculations  give 
1373 cm
-1 as symmetric CH3 deformations for 
the  title  compound.  The  δsCH3  vibration  is 
observed at 1377 cm
-1 in the IR spectrum and 
at  1376  cm
-1  in  the  Raman  spectrum.  The 
methyl rocks are expected in the regions 1100 
±  95  and  1080  ±  80  cm
-1  [21].  The  band 
calculated at 1049 cm
-1 are assigned as rocking 
modes of the  methyl groups. The IR  band  is 
observed at 1046 cm
-1. 
The carbonyl stretching C=O vibration [21, 
24] is expected in the region 1715-1680 cm
-1 
and in the present study this mode appears at 
1760 and 1722 cm
-1 in IR spectrum, 1750 and 
1722  cm
-1  in  Raman  spectrum.  The  DFT 
calculations give this mode at 1770 and 1742 
cm
-1. The δC=O in-plane deformation and the 
out-of-plane deformation γ C=O are expected 
in  the  regions  625  ±  70  and  540  ±  80  cm
-1, C. Yohannan Panicker et al / Int. J. Ind. Chem., Vol. 2, No. 1, 2011, pp. 33-44 
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respectively  [21].  The  δC=O  in-plane 
deformation  bands  are  observed  at  785,  641 
cm
-1 in the IR spectrum, 788 cm
-1 in the Raman 
spectrum  and  at  780,  654  cm
-1  theoretically 
(DFT). The band observed at 595 cm
-1 in the 
IR, 597 cm
-1 in Raman spectrum are assigned 
as γC=O deformation mode. The theoretically 
calculated  value  is  590  cm
-1.  The  C-N 
stretching  vibration  [21]  is  moderately  to 
strongly active in the region 1275 ± 55 cm
-1. 
El-Shahawy et al. [25] observed a band at 1320 
cm
-1 in the IR spectrum as this νC-N mode. In 
the present case, the bands at 1240, 1153 cm
-1 
in  the  IR  spectrum,  1156  cm
-1in  Raman  and 
DFT calculations give the corresponding bands 
at 1237 and 1148 cm
-1. 
 
 
             Table 2. Optimized geometrical parameters- Bond angles of phenyl butazone, atom labeling according to Fig 3. 
 
  HF/6-31G(d)  B3LYP/6-
31G(d)    HF/6-31G(d)  B3LYP/6-
31G(d) 
A(2,1,6)  119.7  119.5  A(37,36,39)  109.5  109.5 
A(2,1,7)  120.1  120.2  A(38,36,39)  109.5  109.5 
A(6,1,7)  120.2  120.3  A(36,39,40)  111.1  111.2 
A(1,2,3)  120.4  120.6  A(36,39,41)  111.1  111.3 
A(1,2,8)  120.2  120.2  A(36,39,42)  111.1  111.2 
A(3,2,8)  119.5  119.2  A(40,39,41)  107.8  107.7 
A(2,3,4)  119.6  119.5  A(40,39,42)  107.9  107.6 
A(2,3,9)  120.4  120.4  A(41,39,42)  107.8  107.7 
A(4,3,9)  120.0  120.1  A(35,33,36)  108.9  109.1 
A(3,4,5)  120.3  120.3  A(33,36,37)  109.3  109.2 
A(3,4,23)  120.5  120.9  A(33,36,38)  109.2  109.2 
A(5,4,23)  119.0  118.7  A(33,36,39)  112.7  113.0 
A(4,5,6)  119.5  119.4  A(37,36,38)  106.7  106.2 
A(4,5,10)  119.8  119.8  A(30,33,34)  109.7  109.5 
A(6,5,10)  120.7  120.8  A(30,33,35)  109.8  109.6 
A(1,6,5)  120.4  120.7  A(30,33,36)  112.1  112.5 
A(1,6,11)  120.2  120.2  A(34,33,35)  107.2  106.8 
A(5,6,11)  119.4  119.1  A(34,33,36)  108.9  109.1 
A(13,12,14)  120.5  120.3  A(30,27,43)  108.5  108.4 
A(13,12,24)  118.9  118.5  A(27,30,31)  107.4  107.4 
A(14,12,24)  120.6  121.1  A(27,30,32)  107.5  107.5 
A(12,13,15)  119.5  119.4  A(27,30,33)  114.3  114.4 
A(12,13,16)  119.7  119.7  A(31,30,32)  107.7  107.5 
A(15,13,16)  120.7  120.8  A(31,30,33)  109.8  109.9 
A(12,14,17)  119.5  119.5  A(32,30,33)  109.8  109.9 
A(12,14,18)  120.0  120.1  A(25,27,26)  103.5  104.1 
A(17,14,18)  120.4  120.4  A(25,27,30)  114.8  115.5 
A(13,15,19)  120.4  120.6  A(25,27,43)  107.2  106.1 
A(13,15,20)  119.5  119.2  A(26,27,30)  113.6  113.8 
A(19,15,20)  120.2  120.2  A(26,27,43)  108.9  108.4 
A(14,17,19)  120.4  120.6  A(23,25,27)  108.2  107.5 
A(14,17,21)  119.5  119.2  A(23,25,28)  125.1  124.9 
A(19,17,21)  120.2  120.2  A(27,25,28)  126.7  127.5 
A(15,19,17)  119.7  119.5  A(24,26,27)  108.2  107.7 
A(15,19,22)  120.2  120.3  A(24,26,29)  125.0  124.8 
A(17,19,22)  120.1  120.2  A(27,26,29)  126.7  127.4 
A(4,23,24)  119.5  118.6  A(23,24,26)  109.9  109.9 
A(4,23,25)  124.3  122.5  A(12,24,26)  123.8  121.7 
A(24,23,25)  110.1  110.3  A(12,24,23)  119.3  118.3 
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             Table 3. Optimized geometrical parameters- Dihedral angles of phenyl butazone, atom labeling according to Fig 3. 
 
  HF/6-31G(d)  B3LYP/6-
31G(d)    HF/6-31G(d)  B3LYP/6-
31G(d) 
D(6,1,2,3)  -0.3  -0.3  D(16,13,15,19)  179.7  -179.9 
D(6,1,2,8)  -180.0  -180.0  D(16,13,15,20)  -0.6  -0.5 
D(7,1,2,3)  179.7  179.9  D(12,14,17,19)  0.8  0.5 
D(7,1,2,8)  0.1  0.2  D(12,14,17,21)  -179.6  -179.7 
D(2,1,6,5)  -0.5  -0.5  D(18,14,17,19)  -179.8  -179.6 
D(2,1,6,11)  179.9  -179.9  D(18,14,17,21)  -0.1  0.1 
D(7,1,6,5)  179.4  179.3  D(13,15,19,17)  -0.5  -0.5 
D(7,1,6,11)  -0.2  -0.1  D(13,15,19,22)  179.4  179.3 
D(1,2,3,4)  0.8  0.5  D(20,15,19,17)  179.8  -179.9 
D(1,2,3,9)  -179.7  -179.5  D(20,15,19,22)  -0.2  -0.2 
D(8,2,3,4)  -179.6  -179.8  D(14,17,19,15)  -0.3  -0.3 
D(8,2,3,9)  -0.1  0.1  D(14,17,19,22)  179.7  179.9 
D(2,3,4,5)  -0.3  0.1  D(21,17,19,15)  -180.0  180.0 
D(2,3,4,23)  -179.2  -179.6  D(21,17,19,22)  0.1  0.2 
D(9,3,4,5)  -179.8  -179.9  D(4,23,24,12)  -54.7  -61.7 
D(9,3,4,23)  1.3  0.4  D(4,23,24,26)  153.3  152.1 
D(3,4,5,6)  -0.6  -0.9  D(25,23,24,12)  151.5  149.4 
D(3,4,5,10)  -179.3  -179.7  D(25,23,24,26)  -0.4  3.3 
D(23,4,5,6)  178.3  178.9  D(4,23,25,27)  -150.4  -146.9 
D(23,4,5,10)  -0.4  0.0  D(4,23,25,28)  27.1  30.2 
D(3,4,23,24)  -30.6  -19.6  D(24,23,25,27)  1.9  0.5 
D(3,4,23,25)  119.2  125.3  D(24,23,25,28)  179.4  177.7 
D(5,4,23,24)  150.5  160.7  D(12,24,26,27)  -151.7  -150.4 
D(5,4,23,25)  -59.7  -54.4  D(12,24,26,29)  25.9  27.3 
D(4,5,6,1)  1.0  1.0  D(23,24,26,27)  -1.2  -5.6 
D(4,5,6,11)  -179.4  -179.5  D(23,24,26,29)  176.3  172.0 
D(10,5,6,1)  179.7  179.9  D(23,25,27,26)  -2.5  -3.8 
D(10,5,6,11)  -0.7  -0.7  D(23,25,27,30)  -126.8  -129.2 
D(14,12,13,15)  -0.5  -0.8  D(23,25,27,43)  112.6  110.6 
D(14,12,13,16)  -179.3  -179.9  D(28,25,27,26)  -179.9  179.2 
D(24,12,13,15)  178.3  179.0  D(28,25,27,30)  55.8  53.7 
D(24,12,13,16)  -0.5  -0.1  D(28,25,27,43)  -64.8  -66.4 
D(13,12,14,17)  -0.3  0.0  D(24,26,27,25)  2.2  5.7 
D(13,12,14,18)  -179.8  -179.8  D(24,26,27,30)  127.3  132.2 
D(24,12,14,17)  -179.2  -179.7  D(24,26,27,43)  -111.6  -107.0 
D(24,12,14,18)  1.4  0.4  D(29,26,27,25)  -175.3  -171.9 
D(13,12,24,23)  149.9  160.1  D(29,26,27,30)  -50.1  -45.3 
D(13,12,24,26)  -62.2  -57.9  D(29,26,27,43)  70.9  75.4 
D(14,12,24,23)  -31.2  -20.1  D(25,27,30,31)  -62.9  -62.7 
D(14,12,24,26)  116.6  121.8  D(25,27,30,32)  -178.6  -178.1 
D(12,13,15,19)  1.0  1.0  D(25,27,30,33)  59.2  59.6 
D(12,13,15,20)  -179.4  -179.5  D(26,27,30,31)  78.3  177.0 
D(26,27,30,33)  -59.6  -60.8  D(26,27,30,32)  62.6  61.6 
D(43,27,30,31)  57.0  56.2  D(43,27,30,32)  -58.7  -59.2 
D(43,27,30,33)  179.1  178.5  D(35,33,36,38)  63.5  63.8 
D(35,33,36,39)  -58.3  -58.3  D(33,36,39,40)  -60.1  -60.1 
D(33,36,39,41)  179.9  179.9  D(33,36,39,42)  59.9  59.8 
D(37,36,39,40)  61.7  61.9  D(37,36,39,41)  -58.3  -58.2 
D(37,36,39,42)  -178.3  -178.2  D(38,36,39,40)  178.2  178.0 
D(38,36,39,41)  58.2  57.9  D(38,36,39,42)  -61.8  -62.2 
D(32,30,33,34)  -179.7  -179.2  D(32,30,33,35)  -62.2  -62.3 
D(32,30,33,36)  59.1  59.2  D(30,3336,37)  58.0  57.7 
D(30,33,36,38)  -58.2  -58.0  D(30,33,36,39)  179.9  179.9 
D(34,33,36,39)  58.2  58.1  D(34,33,36,37)  -63.7  -64.1 
D(35,33,36,37)  179.7  179.6  D(34,33,36,38)  -179.9  -179.8 
D(27,30,33,34)  -58.7  -58.2  D(27,30,33,35)  58.8  58.7 
D(27,30,33,36)  -179.9  -179.7  D(31,30,33,34)  62.0  62.7 
D(31,30,33,35)  179.6  179.6  D(31,30,33,36)  -59.2  -58.8 C. Yohannan Panicker et al / Int. J. Ind. Chem., Vol. 2, No. 1, 2011, pp. 33-44 
  39
            Table 4. Calculated vibrational wavenumbers (scaled), measured infrared and Raman bands positions and assignments 
 
F/6-31G(d)  B3LYP/6-31G(d)  υ(IR) 
(cm
-1) 
υ(Raman) 
(cm
-1)  Assignments  υ(HF) 
(cm
-1) 
IR 
Intensity 
Raman 
Activity 
υ(DFT) 
(cm
-1) 
IR 
Intensity 
Raman 
Activity 
3053  1.18  88.49  3127  0.47  57.13    3176 w  υCH 20a 
3042  6.70  68.50  3107  5.75  19.64    3111 w  υCH 20b 
3013  10.95  106.17  3075  16.02  117.09    3076 s  υCH 13 
3002  0.01  64.04  3066  0.10  57.87  3067 w    υCH 7b 
3002  0.04  34.02  3065  0.2306  48.38  3050 w  3061 s  υCH 7b 
2880  9.58  147.74  2953  16.83  0.64  2957 w  2964 m  υasCH2 
2857  0.84  136.95  2926  28.39  144.88  2926 w  2925 s  υsMe 
1713  210.22  7.13  1770  220.12  13.97  1760 s  1750 s  υC=O 
1684  463.26  6.23  1742  339.32  3.60  1722 vs  1722 s  υC=O 
1614  54.85  42.84  1596  40.04  71.65  1596 m  1594 s  υPh 8a 
1502  111.91  0.53  1485  77.51  4.23  1489 s  1489 w  υPh 19a 
1475  0.98  30.86  1459  0.44  27.83  1458 w    δCH2 
1463  13.71  1.61  1447  12.14  11.75  1447 w    υPh 19b 
1459  3.52  1.44  1445  4.32  1.97  1434 w  1436 m  δCH2 
1386  5.46  1.34  1373  3.29  4.37  1377 w  1376 w  δsMe 
1368  26.51  0.22  1341  12.79  2.11  1343 w  1335 s  ωCH2 
1358  7.90  9.61  1321  2.89  19.63  1324 sh    ωCH2 
1309  7.35  10.93  1295  2.53  5.62  1297 s  1293 s  δCH3 
1305  455.87  19.06  1280  183.66  37.11  1273 s  1272 s  τCH2 
1231  1.20  5.16  1237  6.00  6.16  1240 m    υCN 
1226  1.49  1.90  1199  2.36  6.27  1196 w  1198 w  δCH 9a 
1183  0.61  5.32  1166  1.99  1.60  1177 w  1176 m  δCH 9b 
1164  21.50  3.97  1148  0.12  5.59  1153 w  1156 m  υCN 
1148  0.17  5.14  1136  14.94  5.19  1134 w  1138 m  υNN 
1131  2.70  6.74  1117  13.12  23.20    1118 w  υCC 
1127  4.99  4.67  1106  2.81  3.72  1102 w    γCX(X) 7a 
1102  4.07  2.19  1084  10.73  1.06    1099 w  γCX(X) 7a 
1075  4.75  0.14  1071  5.11  0.21  1075 w  1073 w  δCH 15 
1056  3.05  3.58  1049  15.65  7.71  1046 w    ρMe 
1055  0.83  0.13  1021  4.24  10.37  1027 w  1028 s  δCH 18a 
1028  3.00  0.08  1015  0.20  20.86  999 w  1000 vs  υPh 1 
1028  0.30  0.42  979  0.41  47.10  982 w    υPh 1 
1014  1.98  10.16  960  6.75  2.49  958 w  959 w  γCH 17a 
983  8.01  2.80  927  0.53  0.64  928 w    γCH 17b 
968  6.91  2.54  926  0.17  0.65    916 w  γCH 17b 
968  20.79  9.75  900  4.42  0.39  899 w  895 w  ρCH2 
895  9.27  5.91  876  2.89  0.84    869 w  υCC 
875  1.35  2.32  844  1.39  5.36  891 w  839 w  γCH 10a 
850  4.57  6.35  809  0.74  4.87  808 w  810 m  υCC 
800  13.52  4.51  780  3.27  3.28  785 w  788 w  δC=O 
785  71.99  2.31  741  39.86  3.73  754 s  757 w  γCH 11 
733  9.38  0.84  721  9.16  0.41  704 m    δPh (X)12 
712  57.55  0.29  688  31.34  0.85  694 m  693 w  δPh (X)12 
711  23.63  0.83  677  9.30  0.68    674 s  γPh 4 
665  0.64  8.56  654  0.35  9.93  641 w    δC=O 
629  0.87  3.31  608  0.55  4.37    609 m  δPh 6b 
613  1.44  4.41  590  2.24  4.98  595 w  597 m  γC=O 
524  8.87  3.89  502  12.91  2.36  524 m  507 w  γRing 
521  4.42  1.44  499  2.65  3.08  507 w    γPh (X)16b 
482  43.81  2.09  479  31.32  0.62  463 w  468 w  γPh (X)16b 
448  22.97  0.96  439  10.03  0.99  421 w  420 w  τMe 
384  4.27  1.12  376  2.67  1.70    379 w  δPh (X)6a 
369  2.95  4.07  366  1.82  2.98    355 w  δRing 
289  16.66  3.59  290  9.85  5.57    302 m  τRing 
262  1.17  2.29  262  2.46  1.92    267 m  δC-N(X)18b 
213  0.16  0.77  209  0.17  1.31    215 s  υCN(X)10b 
127  0.14  0.27  132  0.09  0.27    127 s  τMe 
υ-stretching, δ-in-plane bending, γ-out-of-plane bending, τ-torsion, s-strong, m-medium, w-weak, v-very, br-broad; Ph-
phenyl ring; Ring-five membered ring; X-substituent sensitive; subscripts: a-asymmetric; s-symmetric. C. Yohannan Panicker et al / Int. J. Ind. Chem., Vol. 2, No. 1, 2011, pp. 33-44 
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νN-N has  been reported at 1151 cm
-1  by 
Crane et al. [26], at 1121 cm
-1 by Bezerra et 
al. [27], at 1130 cm
-1 by El-Behery and El-
Twigry [28] and at 1136 cm
-1 by Seena et al. 
[29]. In the present case, the band observed at 
1134 cm
-1 (IR),1138 cm
-1 (Raman) and 1136 
cm
-1  (DFT)  is  assigned  to  the  νN-N  mode. 
νN-N is reported in the range 1024-1144 cm
-1 
for  copper  (II)  complexes  of  thiosemi-
carbazones [30].  
The  assignments  of  the  benzene  ring 
vibrations  of  the  title  compound  in  Wilson 
notation [31] is made by referring the case of 
benzene derivatives with mono substitution as 
summarised  by  Roeges  [21].  For  mono 
substituted  benzenes,  the  CH  stretching 
modes are expected in the region 3105-3000 
cm
-1 [21]. There are five CH stretching modes 
for mono substituted benzenes. According to 
selection rules all  five  bands are allowed  in 
the  IR  spectrum  [32].  In  the  IR,  however, 
only three bands can be separated from each 
other  which  are  assignable  to  normal 
vibrations  20a,  20b  and  2  in  order  of 
decreasing  intensity  [32].  The  calculated 
values are 3127, 3107, 3075, 3066 and 3065 
cm
-1.  The  bands  observed  at  3176,  3111, 
3076,  3061  in  the  Raman  spectrum  and  at 
3067,  3050  cm
-1  in  the  IR  spectrum  are 
assigned as CH stretching of the phenyl ring. 
The  benzene  ring  possesses  six  ring 
stretching vibrations, of which the four with 
the  highest  wave  numbers  (8a,  8b,19a  and 
19b, occurring respectively near 1600, 1580, 
1490  and  1440  cm
-1)  are  good  group 
vibrations. In the absence of ring conjugation, 
the  band  near  1580  cm
-1  is  usually  weaker 
than  that  at  1600  cm
-1.  The  fifth  ring 
stretching  vibrations  νPh14  is  active  near 
1335  ±  35cm
-1,  a  region  which  overlaps 
strongly  with  that  of  the  CH  in-plane 
deformation  and  the  intensity  is  in  general, 
low or medium high [21, 32]. The sixth ring 
stretching  vibration  or  ring  breathing  mode 
νPh1 appears as a weak band near 1000 cm
-1 
in mono substituted benzenes [21]. The bands 
observed at 1596, 1489, 1447 cm
-1 in the IR 
spectrum, 1594, 1489 cm
-1 in Raman spectrum 
are  assigned  as  νPh  ring  stretching  modes.  As 
seen from the Table 4, the DFT calculations give 
these modes at 1596, 1485 and 1447 cm
-1 .These 
vibrations are expected in the region 1620-1300 
cm
-1 [21]. The frequency of the vibrational pair 
8,  19a  in  mono  substituted  benzenes  is  rather 
insensitive  of  substitution  [32].  The  frequency 
interval for vibration 19a is 1470-1515 cm
-1 [32, 
33]  and  for  all  mono  substituted  benzene 
derivatives 19a have a band between 1477 and 
1511  cm
-1  in  the  IR  spectrum.  When  the 
derivatives have substituents of donor character, 
the  frequency  is  found  between  1493  and 
1511cm
-1  and  in  this  group  of  derivatives  the 
band has higher intensity when a carbon atom is 
attached  directly  to  the  ring.  For  the  title 
compound the ring breathing mode is assigned at 
1015, 979 cm
-1 theoretically. In the IR spectrum 
the  bands  are  at  999,982  cm
-1  and  in  Raman 
spectrum, the corresponding band is observed at 
1000 cm
-1. 
In mono substituted benzenes, there should be 
five CH in-plane bending vibrations 3, 9a, 9b, 15 
and  18a.  The  mode  9a  appear  between  1170-
1181 cm
-1 in the spectra of all mono substituted 
benzene derivatives, mode 15 is found between 
1060  and  1080  cm
-1  and  the  intensities  of  9a 
and18a are the most intense in the IR spectrum 
[32, 33]. The mode 3 is weak in general for both 
IR and Raman in the range 1253-1331 cm
-1 [32]. 
In the present case the bands observed at 1196, 
1177,1075, 1027 cm
-1 in the IR spectrum, 1198, 
1176,  1073  and  1028  cm
-1  in  the  Raman 
spectrum  and  at  1199,  1166,  1071,  1021  cm
-1 
(DFT) are assigned as δCH modes of the phenyl 
ring.  
In  the  case  of  light  substituents  the  out-of-
plane CH deformations γCH of mono substituted 
benzene derivatives have the modes 5, 10a, 11, 
17a and 17b [21, 32]. These modes are expected 
in  the  range  1000-730  cm
-1  [21].  For  the  title 
compound, the DFT calculations give  bands at 
960,  927,  926,  844,  741  cm
-1,  IR  values  are 
observed  at  958,  928  and  891,  754  cm
-1,  the 
corresponding Raman values are 959, 916, 839, 
757  cm
-1.  Generally,  the  CH  out-of-plane C. Yohannan Panicker et al / Int. J. Ind. Chem., Vol. 2, No. 1, 2011, pp. 33-44 
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deformations with the highest wave numbers 
have a weaker intensity than those absorbing 
at  lower  wave  numbers.  The  stronger  γCH 
band  occurring  in  the  region  775±  45  cm
-1 
(γCH 11 or umbrella mode) tends to shift to 
lower (higher) wavenumbers with increasing 
electron  donating  (attracting)  power  of  the 
substituent, but seems to be more sensitive to 
mechanical  interaction  effects  .The  lowest 
wavenumbers  for  this  umbrella  mode  are 
found  in  the  spectra  of  benzene  substituted 
with a saturated carbon of heavy atoms such 
as halogen, sulfur or phosphorus [32, 34-36]. 
The band at 754 cm
-1 the IR spectrum,757 cm
-
1 in Raman spectrum and the calculated value 
at 741 cm
-1 are assigned as the out-of-plane 
CH modes of phenyl ring. The out- of- plane 
ring  deformation  γ  Ph4  at  696  cm
-1  form  a 
strong  band  characteristics  of  mono 
substituted  benzene  derivatives  [21,  36].  In 
the present case this band is observed at 677 
cm
-1  (theoretically),  674  cm
-1  in  Raman 
spectrum. 
In  mono substituted benzenes, six  modes 
of vibrations are substituent sensitive, which 
means  that  their  wavenumbers  shift 
systematically  with  mass  or  inductive  or 
mesomeric  effects  of  the  substituent.  The 
highest  substituent  sensitive  mode  νCX(X) 
mode13 appears in the region 1195 ± 90 cm
-1 
for mono substituted benzenes [21, 37]. For 
the  title  compound  the  νCX(X)  mode  is 
observed in the IR spectrum at 1102 cm
-1and 
in Raman spectrum, at 1099 cm
-1. The DFT 
calculations give values at 1106 and 1084 cm
-1. 
The other substituent sensitive modes are also 
identified (Table 4). 
 
4.  2.  Geometrical  parameters  and  first 
hyperpolarizability 
The theoretical results obtained are almost 
comparable  with  the  reported  structure 
parameters.  The  N-N  bond  length  of 
phenylbutazone  [10]  is  reported  at  1.43Å 
(XRD).  Kolb  et  al.  [38]  reported  the  N-N 
bond length at 1.42Å. For Oxyphenbutazone, 
Murthy  et  al.  [39]  reported  the  N-N  bond 
length at 1.43Å (XRD). For the title compound 
the DFT calculation give the N-N bond length at 
1.4297Å.  In  the  present  case,  the  DFT 
calculations give the C-N bond lengths, C4-N23 = 
1.4307, C12-N24 = 1.4326, C25-N23 = 1.4017 and 
C26-N24  =  1.4017  Å,  which  is  less  than  the 
normal C-N single bond length of about 1.48 Å. 
The  shortening  of  the  C-N  bonds  reveal  the 
effects of resonance in this part of the molecule 
[41]. The corresponding reported values are, C4-
N23 = 1.45 [10], 1.43 [39], 1.446 [40], C12-N24 = 
1.43 [10], 1.41 [39], 1.428 [40], C25-N23 = 1.41 
[10],  1.37  [39],  1.397  [40]  and  C26-N24  =  1.4 
[10],  1.37  [39],  1.424Å  [40].  The  C-C  bond 
lengths in the phenyl ring I lie between 1.3943 
and1.4004 Å, while the phenyl ring II, the range 
is 1.3942-1.3996 Å .The CH bond lengths lie in 
the range 1.0823-1.0865Å for phenyl ring I, and 
1.0827-1.0865Å for phenyl ring II. Here for the 
title  compound,  benzene  is  a  regular  hexagon 
with  bond  lengths  somewhere  between  the 
normal values for a single (1.54 Å) and a double 
(1.33 Å) bond [42]. From the XRD data of the 
title compound, Singh et al. [10] reported the C-
C bond lengths in the phenyl ring I lies between 
1.33 and 1.422Å, while the phenyl ring II, the 
range is 1.38-1.43Å, Patel et al. [40] reported the 
range as 1.348-1.418 Å. For the title compound, 
the C-C bond lengths of the butyl group using 
DFT calculations are given by C27-C30=1.5399Å, 
C30-C33=1.5339Å,  C33-C36=1.5344Å  and  C36-
C39=1.5319Å. From XRD data, Singh et al. [10] 
reported  the  bond  lengths  as  C27-C30=1.523Å, 
C30-C33=1.527  Å,  C33-C36=1.510Å  and  C36-
C39=1.556Å respectively. For Oxyphenbutazone, 
Murthy  et  al.  [39]  reported  the  bond  lengths 
as1.53Å.  In  the  present  case,  the  C=O  bond 
length is 1.2141 Å (DFT) where as the reported 
values  are,  1.2397  [43],  1.21[10],  1.216, 
1.224[38], 1.20, 1.23[39].  
For  the  title  compound,  the  bond  angles 
(DFT)  are  given  by  C5-C4-C23=118.7º,  C5-C4-
C3=120.3º,  C3-C4-C23=120.9º,  C13-C12-
C14=120.3º,  C13-C12-C24=118.5º,  C14-C12-
C24=121.1º.  The  reported  values  of  the  bond 
angles are, C4-N23-C25=123.0º [39], 121.4º [40], 
C4-N23-N24=  117.0º  [39],  116.8º  [40],  N24-N23-C. Yohannan Panicker et al / Int. J. Ind. Chem., Vol. 2, No. 1, 2011, pp. 33-44 
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C25  =110º  [10],  110.7º[37],  111º[39]  and 
108.0º[40],  C12-N24-C26  =  122.3º[10], 
123º[39],  121.7º[40],  C12-N24-N23= 
118.1º[10],  118º  [39],  116.3º[40],  N23-N24-
C26=110º[10],  109.2º[38],  108º  [39],108.1º 
[40],  O29-C26-C27=  127º[10],  126.4º  [38], 
127º[39], O29-C26-N24= 125º[10], 124.9º [38], 
123º  [39],  N24-C26-C27=108º[10],  108.8º[38], 
107.8º  [40],  O28-C25-N23=124º  [10], 
124.6º[38],  125º[39],  O28-C25-C27=  127º[10], 
127.8º[38],  128º[39],  N23-C25-C27= 
107.7º[10],  107.6º[38],  107º[39],  C26-C27-
C25=104.1º,  reported  values  are  103º[10], 
102.1º[38], 103º[39] and 107.5º[40], C26-C27-
C30=116º[39]  and  C25-C27-C30=115º[10] 
and114º[39],  are  in  agreement  with  the 
corresponding calculated values (Table 2). 
The  pyrazolidinedione  ring  is  tilted  from 
the  phenyl  rings,  as  is  evident  from  the 
torsion  angles,  C6-C5-C4-N23=178.9º,  C5-C4-
N23-C25= -54.4º, N23-N24-C12-C13=160.1º, N23-
N24-C12-C14=  -20.1º,  N24-N23-C4-C3=  -19.6º, 
N24-N23-C4-C5=  160.7º,  C27-C26-N24-C12=  -
150.4º,  C12-N24-N23-C4=  -61.7º,  C27-C25-N23-
C4=  -146.9º.  The  reported  values  of  the 
dihedral  angles  are  N24-N23-C4-C3=  -
14.0º[10],  C27-C26-N24-C12=  -148.0º  [10],  -
152.0º  [39],  C12-N24-N23-C4=  -65.0º[10],  -
56.0º[39],  C27-C25-N23-C4=  -147.0º[10],  N23-
N24-C26-O29=  175.1º[38],  which  are  in 
agreement  with  our  calculated  results.  The 
values of the dihedral angles N24-N23-C25-O28 
(177.7º) and O29-C26-C27-C25 (-171.9º) shows 
that the oxygen atoms are in opposite planes. 
The  asymmetry  of  angles  at  C4  and  C12 
positions reveals the interaction between the 
phenyl  rings  and  pyrazolidinedione  moiety. 
The angles around N23 and N24, C25 and C26 
are nearly same. In the pyrazolidine moiety, 
the two C-C bonds and the N-N bonds have 
lengths  appropriate  to  single  bonds  whereas 
the  two  C-O  bonds  are  double.  The  two 
hetero  nitrogen  atoms  in  the  molecule  are 
pyramidal and the attached phenyl groups lie 
on  opposite  sides  of  the  plane  of  the  five 
member  ring.  Except  for  the  presence  of  a 
butyl  group  at  the  4-position,  the 
phenylbutazone  molecule  may  be  expected  to 
have two-fold symmetry  about an axis passing 
through the mid-point of the N-N bond and the 
tetrahedral  carbon  atom  at  the  4-position. 
However, the substitution of the butyl group at 
this  tetrahedral  carbon  atom  prevents  this 
symmetry,  and  also  makes  the  environment  of 
the two phenyl groups attached to the nitrogen 
atom dissimilar [10]. 
The first hyperpolarizability (β0) of this novel 
molecular system is calculated using B3LYP/6-
31G(d)  method,  based  on  the  finite  field 
approach. In the presence of an applied electric 
field, the energy of a system is a function of the 
electric field. First hyperpolarizability is a third 
rank tensor that can be described by a 3 3  3 
matrix. The 27 components of the 3D matrix can 
be  reduced  to  10  components  due  to  the 
Kleinman symmetry [44]. The components of β 
are  defined  as  the  coefficients  in  the  Taylor 
series  expansion  of  the  energy  in  the  external 
electric field. When the electric field is weak and 
homogeneous, this expansion becomes 
 
... l F k F j F i F
ijkl
ijkl 24
1
k F j F
ijk
i F ijk 6
1 j F i F
ij
ij 2
1 i F
i
i 0 E E
   
       
 
where  0 E   is  the  energy  of  the  unperturbed 
molecule, 
i F  is the field at the origin,  i  ,  ij   , 
ijk  and  ijkl    are  the  components  of  dipole 
moment,  polarizability,  the  first  hyper 
polarizabilities, and second hyperpolarizabilities, 
respectively.  The  calculated  first 
hyperpolarizability of the title compound is 2.61 
 10
-30 esu. The C-N distances in the calculated 
molecular structure vary from 1.4017 to 1.4326Ǻ 
which are intermediate between those of a C-N 
single  bond  (1.48Ǻ)  and  a  C=N  double  bond 
(1.28Ǻ). Therefore, the calculated data suggest 
an  extended  π-electron  delocalization  over  the 
pyrazolidinedione  moiety  [45,  46]  which  is 
responsible for the nonlinearity of the molecule. 
We  conclude  that  the  title  compound  is  an C. Yohannan Panicker et al / Int. J. Ind. Chem., Vol. 2, No. 1, 2011, pp. 33-44 
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attractive  molecule  in  future  for  non  linear 
optical  applications.  In  order  to  investigate 
the  performance  and  vibrational 
wavenumbers  of  the  title  compound  root 
mean  square  value  (RMS)  and  correlation 
coefficient  between  calculated  and  observed 
wavenumbers were calculated (Fig 4). RMS 
values of wavenumbers were evaluated using 
the following expression [47]. 
RMS =  



n
i
cal
i i n 1
2 exp ) (
) 1 (
1
   
The RMS error of the observed Raman bands 
and IR bands are found to be 38.26 and 34.85 for 
HF  method  and  11.09  and  11.76  for  DFT 
method.  The  small  difference  between 
experimental  and  calculated  vibrational  modes 
was that the experimental results belong to solid 
phase  and  theoretical  calculations  belong  to 
gaseous phase. 
 
 
 
Fig. 4. Correlation graph between experimental and calculated wavenumbers 
 
5. Conclusions 
The  FT-IR  and  FT-Raman  spectra  were 
studied.  The  molecular  geometry  and 
wavenumbers  were  calculated  using  HF/6-
31G(d) and B3LYP/6-31G(d) levels of theory. 
Optimized geometrical parameters of the title 
compound  are  in  agreement  with  the  data 
obtained  from  similar  derivatives.  The 
extended  π-electron  delocalization  over  the 
pyrazolidinedione moiety is responsible for the 
nonlinearity  of  the  molecule.  The  first 
hyperpolarizability,  infrared  intensities  and 
Raman activities are also reported. 
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